A 70-year-old male presented with transient ischemic attacks manifesting as right hemiparesis and motor aphasia due to severe left cervical internal carotid artery stenosis. Carotid artery stenting (CAS) using a flow-reversal system was performed without complications. However, the patient exhibited transient right hemiparesis and motor aphasia 10 days after CAS. Emergent angiography demonstrated in-stent restenosis. In-stent percutaneous transluminal angioplasty and CAS were performed successfully using a distal protection system. However, duplex ultrasound scanning revealed progressive in-stent restenosis, 3 and 6 days after the re-treatment. Emergent angiography again demonstrated in-stent restenosis. Urgent stent removal and carotid endarterectomy were performed. Plaque had prolapsed through the stent. Histological examination revealed that the specimen was mainly plaque consisting of cholesterol crystals and macrophages. The patient was able to return to independent life without neurological deficit. Repeated endovascular surgery with appropriate antiplatelet and anticoagulation therapy should be attempted initially to treat in-stent restenosis. Endarterectomy with stent removal should be considered as a rescue option, especially if plaque protrusion is identified.
Introduction
Carotid artery stenting (CAS) is widely used to treat severe carotid obstructive disease and prevent future ischemic stroke, 5, 10, 12, 18, 20, 22, 23, 27, 34, 36) and is a safe and effective alternative to carotid endarterectomy (CEA) to treat severe internal carotid artery (ICA) stenosis in patients with high risks for surgery. 7, 13, 32, 33, 36, 37) Various clinical trials are in progress to establish the indications for CAS. 34, 36) Acute or subacute in-stent restenosis, which is a potentially devastating complication of CAS, is a rare event that occurs in 0.04% to 2% of all cases, but can cause severe neurological deficits. 4, 6, 10, 11, 18, 22, 23, 27) Acute in-stent restenosis is usually caused by thrombosis. However, acute restenosis due to plaque protrusion has been reported, because the cause of restenosis is difficult to distinguish by angiography or duplex ultrasound scanning. 8, 15, 35) No suitable strategy for the treatment of acute in-stent restenosis has been established.
We report a case of recurrent subacute in-stent restenosis after CAS that was ultimately resolved by CEA with stent removal, and histological examination confirmed that the stenosis was due to plaque protrusion.
Case Report
A 70-year-old man with a history of diabetes mellitus, hypertension, and atrial fibrillation presented with recurrent transient right hemiparesis and motor aphasia. He had already been treated with antiplatelet and anticoagulation therapy (aspirin 100 mg/day, warfarin 4 mg/day). On admission, diffusion-weighted magnetic resonance (MR) imaging did not reveal any abnormal high intensity area. Duplex ultrasound scanning demonstrated occlusion of the right ICA and severe left ICA stenosis with hypoechoic plaque. Cerebral angiography also demonstrated right ICA occlusion and very severe stenosis of the left cervical ICA with delayed filling of the distal portion (Fig. 1) . The left anterior circulation was fed by the flow from posterior circulation via the posterior communicating artery and the external carotid artery via the ophthalmic artery. The patient was considered to have high risks for surgery because of the subtotal occlusion of the left cervical ICA and contralateral ICA occlusion. 21, 37) Therefore, CAS was planned. Cilostazol (200 mg/day) was administered and warfarin was changed to systemic heparinization to maintain the activated clotting time between 200 and 250 seconds 3 days prior to the procedure.
CAS was performed using the reversed-flow system for embolic protection. 19) We selected a closed-cell stent design to prevent plaque shift and distal embolization because the stenosis was considered to be lipid-rich soft Residual stenosis at the distal portion of the stent was dilated using a Gateway balloon catheter (Boston Scientific). Subsequent angiography showed resolution of the stenosis and excellent flow through the intracranial vessel (Fig. 2) .
The patient's neurological status did not change during the procedure, and the post CAS course was uneventful until day 10 with medical treatment including aspirin, cilostazol, and warfarin. Ten days after CAS, the patient suffered recurrence of the transient right hemiparesis. Diffusion-weighted MR imaging revealed a small high intensity area in the left frontal region. Emergent duplex ultrasound scanning and angiography demonstrated in-stent restenosis (Fig. 3) . We . Angiography performed immediately after the second CAS revealed sufficient dilation without thrombus (Fig. 4) . The postoperative course was uneventful. However, follow-up duplex ultrasound scanning 3 days after the second CAS showed 20% in-stent restenosis that worsened to 70% restenosis 6 days after CAS. Emergent angiography was performed and again demonstrated in-stent restenosis (Fig. 5) . On the same day, the stent was removed and CEA was performed. During the procedure, plaque was found to have prolapsed through the struts of the stent (Fig. 6) . Histological examination revealed that the tissue prolapsed into the vessel was mainly plaque consisting of cholesterol crystals and macrophages (Fig. 7) .
Follow-up duplex ultrasound scanning and three-dimensional computed tomography did not show restenosis and MR imaging revealed no further cerebral infarction. On discharge, the patient had no neurological symptoms, and was able to resume his previous independent life.
Discussion
Restenosis due to plaque protrusion has recently been detected using intravascular ultrasound (IVUS). 31) IVUS may help to identify embolic material or plaque histologies. IVUS has documented intraluminal lesions, including ruptured plaques and thrombi in the coronary area. 29) However, routine use to assess post-procedural stent dimensions remains limited because of the potential increase in thromboembolic risk and increased procedure time. In our case, IVUS was not available because of the emergent nature of the procedure.
Acute thrombosis after intervention is the result of aggregation of activated platelets. 14, 17) Medication with aspirin and ticlopidine after coronary artery stenting prevents thrombus formation more effectively than medication with only heparin or with aspirin and warfarin. 16) Therefore, combination antiplatelet therapy is currently recommended as the standard periprocedural medication to prevent thrombosis. However, combined antiplatelet therapy may affect the thrombus attached to the prolapsed plaque, and not the plaque protrusion.
No standard strategy for the treatment of early carotid restenosis has been established. Recently, repeat angioplasty and even re-stenting have been used to treat instent restenosis after CAS. 1, 2, 4, 6, 11, 15, 24, 28) Combination therapy using percutaneous mechanical thrombectomy and adjunctive intravenous abciximab has been successful for acute carotid stent thrombosis. 4, 28) Patients who undergo CAS generally have high risks for surgical treatment. Endovascular treatment with appropriate medication may be effective for early restenosis as the first option.
In our case, medication and repeated endovascular treatment were not effective, possibly because the medication could not resolve the plaque protrusion. Furthermore, the plaque could not be removed by stenting. Soft and lipid-rich plaque could prolapse through the struts of the stent and repeat endovascular treatment might worsen the plaque protrusion.
T. Takigawa et al.
Standard CEA with stent removal is effective. 3, 9, 25, 26, 30) CEA was successful 6 months after CAS with a stainless steel stent. 30) Three patients were managed surgically for acute restenosis after CAS, but the operation was complicated by the length of ICA exposure required, difficulty in opening the stented artery, and the care necessary in removing the plaque and stent to avoid vessel wall penetration. 25) If restenosis occurs in the carotid artery after CAS, surgical options are limited as a first option. If repeat endovascular surgery fails, surgical removal may be an effective rescue option.
The present case illustrates the problems involved in the management of subacute in-stent restenosis due to plaque protrusion. Repeated endovascular surgery with appropriate antiplatelet and anticoagulation should be attempted initially. However, restenosis is due to plaque protrusion may prove refractory. IVUS is recommended to identify the plaque protrusion. Repeated duplex ultrasound scanning is a possible alternative if IVUS is not available. Endarterectomy with stent removal should be considered as a rescue option.
